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DYNAMIC ASSIGNMENT OF ACK 
RESOURCE IN A WIRELESS 
COMMUNICATION SYSTEM 

The present application is a Continuation application of 
U.S. Ser. No. 12/403,327 filed Mar. 12, 2009, entitled 
“Dynamic Assignment Of ACK Resource In A Wireless 
Communication System,” which claims priority to provi 
sional U.S. Application Ser. No. 61/040,609, entitled 
“Dynamic Scheduling of UL-ACK.” filed Mar. 28, 2008, 
assigned to the assignee hereof and incorporated herein by 
reference. 

BACKGROUND 

I. Field 
The present disclosure relates generally to communica 

tion, and more specifically to techniques for assigning 
resources in a wireless communication system. 

II. Background 
Wireless communication systems are widely deployed to 

provide various communication content such as voice, 
Video, packet data, messaging, broadcast, etc. These wire 
less systems may be multiple-access systems capable of 
Supporting multiple users by sharing the available system 
resources. Examples of Such multiple-access systems 
include Code Division Multiple Access (CDMA) systems, 
Time Division Multiple Access (TDMA) systems, Fre 
quency Division Multiple Access (FDMA) systems, 
Orthogonal FDMA (OFDMA) systems, and Single-Carrier 
FDMA (SC-FDMA) systems. 
A wireless communication system may include a number 

of Node Bs that can support communication for a number of 
user equipments (UES). A Node B may communicate with a 
UE on the downlink and uplink. The downlink (or forward 
link) refers to the communication link from the Node B to 
the UE, and the uplink (or reverse link) refers to the 
communication link from the UE to the Node B. The Node 
B may send a transmission of data to the UE. The UE may 
decode the transmission of data and may send acknowledge 
ment (ACK) information to the Node B. The ACK infor 
mation may indicate whether the transmission of data was 
decoded correctly or in error by the UE. The Node B may 
determine whether to send a retransmission of data or a new 
transmission of data to the UE based on the ACK informa 
tion. It may be desirable to efficiently assign ACK resource 
to the UE for use to send the ACK information. 

SUMMARY 

Techniques for dynamically assigning ACK resource to a 
UE in a wireless communication system are described 
herein. The system may support dynamic scheduling and 
semi-persistent scheduling. For dynamic scheduling, a 
scheduling message may be used to send Scheduling infor 
mation for a single transmission of data. For semi-persistent 
scheduling, a scheduling message may be used to send a 
semi-persistent assignment for multiple transmissions of 
data. 

In an aspect, at least one field of a scheduling message, 
which is normally used to carry Scheduling information for 
dynamic scheduling, may be re-used to carry an ACK 
resource assignment for semi-persistent scheduling. The at 
least one field may include a new data indicator field, a 
redundancy version field, a modulation and coding scheme 
(MCS) field, a transmit power control (TPC) command field, 
etc. 
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2 
In one design, a UE may receive a scheduling message 

carrying a semi-persistent assignment and may obtain an 
assignment of ACK resource from the semi-persistent 
assignment. The UE may obtain an index of the ACK 
resource from at least one field of the scheduling message 
and may determine the ACK resource based on the index. 
The UE may receive a transmission of data sent in accor 
dance with the semi-persistent assignment, determine ACK 
information for the transmission of data, and send the ACK 
information with the ACK resource. 

In another design, a UE may receive a first scheduling 
message carrying scheduling information for dynamic 
scheduling and may receive a first transmission of data sent 
in accordance with the scheduling information. The UE may 
send ACK information for the first transmission of data with 
first ACK resource associated with a resource used to send 
the first scheduling message. The UE may receive a second 
scheduling message carrying a semi-persistent assignment 
for semi-persistent scheduling. The UE may receive a sec 
ond transmission of data sent in accordance with the semi 
persistent assignment. The UE may send ACK information 
for the second transmission of data with second ACK 
resource conveyed by the semi-persistent assignment. ACK 
resources may thus be conveyed in different manners for 
dynamic scheduling and semi-persistent scheduling. 

Various aspects and features of the disclosure are 
described in further detail below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a wireless communication system. 
FIG. 2 shows data transmission with dynamic scheduling. 
FIG. 2 shows data transmission with semi-persistent 

scheduling. 
FIGS. 4A and 4B show two scheduling messages with 

different formats. 
FIG. 5 shows a processing unit for a scheduling message. 
FIGS. 6 and 7 show a process and an apparatus, respec 

tively, for receiving data with semi-persistent scheduling. 
FIGS. 8 and 9 show a process and an apparatus, respec 

tively, for receiving data with dynamic scheduling and 
semi-persistent scheduling. 

FIGS. 10 and 11 show a process and an apparatus, 
respectively, for sending data with semi-persistent schedul 
1ng. 

FIGS. 12 and 13 show a process and an apparatus, 
respectively, for sending data with dynamic scheduling and 
semi-persistent scheduling. 

FIG. 14 shows a block diagram of a Node B and a UE. 

DETAILED DESCRIPTION 

The techniques described herein may be used for various 
wireless communication systems such as CDMA, TDMA, 
FDMA, OFDMA, SC-FDMA and other systems. The terms 
“system’’ and “network” are often used interchangeably. A 
CDMA system may implement a radio technology Such as 
Universal Terrestrial Radio Access (UTRA), cdma2000, etc. 
UTRA includes Wideband CDMA (WCDMA) and other 
variants of CDMA. cdma2000 covers IS-2000, IS-95 and 
IS-856 standards. A TDMA system may implement a radio 
technology such as Global System for Mobile Communica 
tions (GSM). An OFDMA system may implement a radio 
technology such as Evolved UTRA (E-UTRA), Ultra 
Mobile Broadband (UMB), IEEE 802.11 (Wi-Fi), IEEE 
802.16 (WiMAX), IEEE 802.20, Flash-OFDM(R), etc. 
UTRA and E-UTRA are part of Universal Mobile Telecom 
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munication System (UMTS). 3GPP Long Term Evolution 
(LTE) is an upcoming release of UMTS that uses E-UTRA, 
which employs OFDMA on the downlink and SC-FDMA on 
the uplink. UTRA, E-UTRA, UMTS, LTE and GSM are 
described in documents from an organization named "3rd 
Generation Partnership Project” (3GPP). cdma2000 and 
UMB are described in documents from an organization 
named "3rd Generation Partnership Project 2 (3GPP2). The 
techniques described herein may be used for the systems and 
radio technologies mentioned above as well as other systems 
and radio technologies. For clarity, certain aspects of the 
techniques are described below for LTE, and LTE terminol 
ogy is used in much of the description below. 

FIG. 1 shows a wireless communication system 100, 
which may be an LTE system. System 100 may include a 
number of Node Bs 110 and other network entities. A Node 
B may be a station that communicates with the UEs and may 
also be referred to as an evolved Node B (eNB), a base 
station, an access point, etc. UES 120 may be dispersed 
throughout the system, and each UE may be stationary or 
mobile. A UE may also be referred to as a mobile station, a 
terminal, an access terminal, a Subscriber unit, a station, etc. 
A UE may be a cellular phone, a personal digital assistant 
(PDA), a wireless modem, a wireless communication 
device, a handheld device, a laptop computer, a cordless 
phone, a wireless local loop (WLL) station, etc. 
The system may support data transmission with hybrid 

automatic retransmission (HARQ). For HARQ on the down 
link, a Node B may send a transmission of a transport block 
and may send one or more additional transmissions of the 
transport block (if needed) until the transport block is 
decoded correctly by a recipient UE, or the maximum 
number of transmissions has been sent, or some other 
termination condition is encountered. A transport block may 
also be referred to as a packet, a data block, etc. The first 
transmission of a transport block may be referred to as a new 
transmission, and each additional transmission of the trans 
port block may be referred to as a retransmission. 
The system may also support dynamic scheduling and 

semi-persistent scheduling for data transmission. For 
dynamic scheduling, scheduling information may be sent 
with each transmission of data and may convey parameters 
and resources used for that transmission of data. For semi 
persistent scheduling, scheduling information may be sent 
once and may be applicable for multiple transmissions of 
data. Dynamic scheduling may provide flexibility whereas 
semi-persistent scheduling may reduce signaling overhead. 

FIG. 2 shows an exemplary data transmission on the 
downlink with dynamic scheduling. The transmission time 
line for each link may be partitioned into units of subframes. 
Each subframe may have a particular duration, e.g., one 
millisecond (ms). For frequency division duplexing (FDD) 
as shown in FIG. 2, the downlink (DL) and uplink (UL) may 
be allocated separate frequency channels. Different trans 
missions may be sent concurrently via the downlink and 
uplink on the separate frequency channels. A Node B may 
have data to send to a UE and may send scheduling 
information on a physical downlink control channel (PD 
CCH) in subframe t. The scheduling information may be 
sent in one or more control channel elements (CCEs) and 
may include various parameters described below. The Node 
B may send a transmission of one or more transport blocks 
on a physical downlink shared channel (PDSCH) in sub 
frame t. The Node B may send the transport block(s) in one 
or more resource blocks and in accordance with parameters 
conveyed by the scheduling information. The UE may 
receive the scheduling information from the PDCCH and 
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4 
may process the transmission on the PDSCH in accordance 
with the scheduling information to recover the transport 
block(s) sent by the Node B. The UE may generate ACK 
information (or UL-ACK), which may indicate whether 
each transport block was decoded correctly or in error by the 
UE. The UE may send the ACK information on a physical 
uplink control channel (PUCCH) in subframe t+Q, where Q 
may be equal to 2, 4 or some other value. Q is a subframe 
offset between the data transmission on the downlink and the 
corresponding ACK transmission on the uplink. The Node B 
may receive the ACK information from the UE and may 
send a retransmission of each transport block decoded in 
eO. 

The UE may send the ACK information with ACK 
resource, which may also be referred to as PUCCH resource, 
ACK channel, etc. The ACK resource may be associated 
with radio resource, code resource (e.g., an orthogonal 
sequence, a reference signal sequence, etc.), and/or other 
resources used to send ACK information. For example, in 
LTE, the ACK resource may be given by an ACK index 
n(1) PUCCH and may be associated with (i) a time-fre 
quency location (e.g., a resource block) on which to send 
ACK information, (ii) a cyclic shift of a Zardoff-Chu 
sequence used for spreading the ACK information in the 
frequency domain, and (iii) an orthogonal or Walsh spread 
ing sequence used for spreading the ACK information in the 
time domain. 

For dynamic scheduling, the ACK resource to use by the 
UE may be determined as follows: 

in PUCCH incCENPUCCH, Eq. (1) 

where 
n is an index of the first CCE used to send scheduling 

information, 
n is an index of the ACK resource, and 
N is a parameter configured by higher layers. 
N, may be configured by Radio Resource Control 

(RRC) and broadcast to UES. For dynamic scheduling, the 
ACK resource may be linked to the first CCE carrying the 
scheduling information, e.g., as shown in equation (1). The 
ACK resource may thus be implicitly conveyed via the 
scheduling information, and no additional overhead is con 
sumed to send the ACK resource assignment to the UE. 

For dynamic scheduling, each transmission of data may 
occur as described above. For each transmission of data, the 
Node B may send scheduling information in one or more 
CCES and may send a transmission of one or more transport 
blocks in one or more resource blocks conveyed by the 
scheduling information. The UE may send ACK information 
with the ACK resource determined based on the first CCE 
carrying the scheduling information. 

FIG. 3 shows an exemplary data transmission on the 
downlink with semi-persistent scheduling. A Node B may 
send a semi-persistent assignment or grant on the PDCCH in 
Subframe t. The semi-persistent assignment may include 
various parameters for transmissions of data on the down 
link as well as an ACK resource assignment for the uplink. 
In one design, upper layers (e.g., RRC) may configure a set 
of ACK resources, and the ACK resource assignment may 
comprise an index for an ACK resource in the set of 
configured ACK resources. In another design, the ACK 
resource assignment may assign any available ACK 
SOUC. 

The Node B may send a transmission of one or more 
transport blocks on the PDSCH in subframe t. The Node B 
may send the transport block(s) in one or more resource 
blocks and in accordance with parameters conveyed by the 
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semi-persistent assignment. The UE may receive the semi 
persistent assignment from the PDCCH and may process the 
transmission on the PDSCH in accordance with the semi 
persistent assignment to recover the transport block(s) sent 
by the Node B. The UE may generate ACK information for 
the transport block(s) and may send the ACK information in 
subframe t+Q. The ACK information may be sent with the 
ACK resource conveyed by the semi-persistent assignment. 

For semi-persistent scheduling, the semi-persistent 
assignment may be sent once with the first transmission of 
data and may be valid for a predetermined time period or 
until the semi-persistent assignment is revoked. The ACK 
resource assignment would be valid for the entire semi 
persistent scheduling interval, which is the duration in which 
the semi-persistent assignment is valid. The Node B may 
send new transmissions of data in accordance with the 
semi-persistent assignment, without having to send any 
scheduling information, during the semi-persistent schedul 
ing interval. The UE may send ACK information for each 
new transmission of data received from the Node Busing the 
ACK resource provided by the semi-persistent assignment. 
For example, the Node B may send new transmissions at a 
periodic rate in subframes t t t+M, t t +2M. . . . . and 
t=t+LM, where parameters M and L and/or the semi 
persistent scheduling interval may be configured. For 
example, in LTE, parameter M may be configured by upper 
layers (e.g., RRC). The UE may send ACK information in 
corresponding subframes t+Q. t-Q, t-Q. . . . . and t+Q 
with the assigned ACK resource. 

The Node B may also send retransmissions of data during 
the semi-persistent scheduling period and may send Sched 
uling information for each retransmission of data, e.g., in the 
same manner as for dynamic scheduling. The UE may send 
ACK information for each retransmission of data with the 
ACK resource associated with the first CCE carrying the 
scheduling information for that retransmission. 

In an aspect, an ACK resource assignment for semi 
persistent scheduling may be sent by re-using at least one 
existing field of a scheduling message. The scheduling 
message may include a number of fields to carry Scheduling 
information for dynamic scheduling. To simplify operation, 
the scheduling message may also be used to send a semi 
persistent assignment for semi-persistent scheduling. At 
least one field normally used to carry Scheduling information 
for dynamic scheduling may be re-used to carry an ACK 
resource assignment for semi-persistent scheduling. 

Various formats may be defined for the scheduling mes 
sage and may be applicable for different operating scenarios. 
Each format may include a specific set of fields for a set of 
parameters for Scheduling information. 

FIG. 4A shows a scheduling message 410 in accordance 
with Formats 1 and 1A defined by LTE. Formats 1 and 1A 
may be used to schedule transmission of one transport block 
on the PDSCH. Message 410 includes a resource block 
assignment field, an HARQ process number field, a modu 
lation and coding scheme (MCS) field, a new data indicator 
field, a redundancy version field, and a transmit power 
control (TPC) command field. The redundancy version field 
and the new data indicator field may be considered as 
belonging in a retransmission sequence number field. Mes 
sage 410 may also include other fields, which are not shown 
in FIG. 4A for simplicity. 

For HARQ, a number of HARQ processes may be 
defined. Each HARQ process may be used to send a new 
transmission and all retransmissions of a transport block. An 
HARO process may be started for a transport block if the 
HARO process is available and may terminate when the 
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6 
transport block is decoded correctly. The transport block 
may be encoded in accordance with an MCS selected for the 
transport block to obtain a codeword. The codeword may be 
partitioned into multiple redundancy versions, and each 
redundancy version may contain different encoded informa 
tion (or code bits) for the transport block. A Node B may 
select one redundancy version to send for a transmission of 
the transport block. 

Table 1 lists the fields of scheduling message 410 and 
provides a short description for each field. Table 1 also gives 
the size of each field in number of bits. 

TABLE 1. 

Scheduling Message 

Fields Size Description 

Resource block variable Indicate resource block(s) used to send a 
assignment transport block. 
HARQ process 3 bits Indicate HARQ process on which the transport 
number block is sent. 
Modulation and 5 bits Indicate modulation scheme and code rate for 
coding scheme the transport block. 
New data 1 bit Indicate whether the current transmission is a 
indicator retransmission of the transport block. 
Redundancy 2 bits Indicate redundancy version being sent for the 
version transport block. 
TPC command 2 bits Indicate transmit power adjustment for the 

PUCCH sent by a recipient UE. 

FIG. 4B shows a scheduling message 420 in accordance 
with Formats 2 and 2A defined by LTE. Formats 2 and 2A 
may be used to schedule a transmission of one or two 
transport blocks on the PDSCH in a spatial multiplexing 
mode. Message 420 includes a resource block assignment 
field, a TPC command field, an HARQ process number field, 
and two sets of fields for two transport blocks. Each set 
includes an MCS field, a new data indicator field, and a 
redundancy version field. Message 420 may also include 
other fields, which are not shown in FIG. 4B for simplicity. 
The fields in message 420 are described in Table 1. 

FIGS. 4A and 4B show two formats that may be used for 
sending scheduling information. Other formats may also be 
used and may include different fields than those shown in 
FIGS. 4A and 4B. For clarity, much of the description below 
refers to scheduling messages 410 and 420. 

For dynamic scheduling, message 410 or 420 may be used 
to send scheduling information for a transmission of data. A 
Suitable scheduling message may be selected based on 
whether one or multiple transport blocks are sent and/or 
other considerations. For semi-persistent scheduling, mes 
sage 410 or 420 may be used to send a semi-persistent 
assignment with the first transmission of data. At least one 
field of message 410 or 420 may be used to send an ACK 
resource assignment. In general, any field(s) may be used to 
send the ACK resource assignment. However, it may be 
desirable to select a field that is not relevant (or not as 
relevant) for semi-persistent scheduling. For example, a field 
that may be less applicable for the first transmission of data 
and/or may have little adverse effect on performance may be 
selected. The number of fields to select may be dependent on 
the number of bits needed to send the ACK resource 
assignment. 

In one design, an ACK resource assignment may be sent 
in the new data indicator field, the redundancy version field, 
and the TPC command field. In the design shown in FIGS. 
4A and 4B, five bits are available for these three fields. Up 
to 32 ACK resources may be configured or defined and 
assigned indices of 0 to 31. The configured ACK resources 
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may be broadcast to the UEs or known a priori by the UEs. 
A 5-bit ACK resource index for one of up to 32 possible 
ACK resources may be sent in the three fields to a UE. The 
UE may obtain the ACK resource index from the three fields 
and may determine the ACK resource assigned to the UE 
based on the ACK resource index and the configured ACK 
resources. The UE may use the ACK resource to send ACK 
information during the semi-persistent scheduling period. 

In another design, an ACK resource assignment may be 
sent in the new data indicator field, the redundancy version 
field, the TPC command field and all or a subset of the MCS 
field. For example, two bits in the MCS field may be used 
in conjunction with the five bits from the other three fields. 
Up to 128 ACK resources may then be configured with the 
seven bits in the four fields. A 7-bit ACK resource index for 
one of up to 128 configured ACK resources may be sent in 
the four fields to a UE. The MCS field can normally convey 
one of up to 32 MCS values for dynamic scheduling. A set 
of 8 MCS values may be supported for semi-persistent 
scheduling and may be configured by higher layers, e.g., 
RRC. One MCS value may be selected from the set of 8 
MCS values and may be conveyed with three remaining bits 
in the MCS field. As another example, up to 64 ACK 
resources may be configured with five bits in the three fields 
and one bit in the MCS field. A set of 16 MCS values may 
be supported for semi-persistent scheduling, and one MCS 
value may be selected and conveyed with four remaining 
bits in the MCS field. 

In yet another design, an ACK resource assignment may 
be sent using two bits in the new data indicator field and the 
redundancy version field, one bit in the TPC command field, 
and three bits in the MCS field. Up to 64ACK resources may 
be configured with the six bits in the four fields. A 6-bit ACK 
resource index for one of up to 64 configured ACK resources 
may be sent using the six bits in the four fields to a UE. In 
yet another design, an ACK resource assignment may be 
sent in the TPC command field. Two bits are available in the 
TPC command field. Hence, up to four ACK resources may 
be configured and assigned indices of 0 to 3. A 2-bit ACK 
resource index for one of up to four configured ACK 
resources may be sent in the TPC command field to a UE. 

In general, any combination of fields and/or bits may be 
used to send an ACK resource assignment for semi-persis 
tent scheduling. If N bits are available to send the ACK 
resource assignment, then up to 2^ ACK resources may be 
configured (e.g., by RRC) and may be assigned indices of 0 
through 2Y-1. The configured ACK resources may be broad 
cast to the UEs or known a priori by the UEs. An N-bit ACK 
resource index for an assigned ACK resource may be sent 
using the Navailable bits. 
A scheduling message may carry Scheduling information 

for dynamic scheduling or a semi-persistent assignment for 
semi-persistent scheduling. Various mechanisms may be 
used to indicate whether the scheduling message is sent for 
dynamic scheduling or semi-persistent scheduling. In one 
design, different Scrambling mechanisms may be used for 
the scheduling message for dynamic scheduling and semi 
persistent scheduling. In another design, the scheduling 
message may include a special bit to indicate whether the 
message is for dynamic scheduling or semi-persistent sched 
uling. In yet another design, a designated cell radio network 
temporary identifier (C-RNTI), which may be referred to as 
a semi-persistent C-RNTI, may be used to indicate a semi 
persistent assignment. Each UE in a given cell may be 
assigned a unique C-RNTI for use as a UE identity for that 
cell. Each UE that has semi-persistent scheduling enabled 
may also be assigned a unique semi-persistent C-RNTI. A 
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Node B may send a scheduling message to a specific UE for 
dynamic scheduling by using the normal C-RNTI for the UE 
or for semi-persistent scheduling by using the semi-persis 
tent C-RNTI for the UE. Each UE may detect for scheduling 
messages from the Node B with the normal C-RNTI for that 
UE. Each UE that has semi-persistent scheduling enabled 
may also detect for scheduling messages with the semi 
persistent C-RNTI for that UE. In one design, unused fields 
and/or unused bits in a scheduling message for semi-persis 
tent scheduling may be set to designated values. For 
example, the new data indicator field, the HARQ process 
number field, and the redundancy version field of the sched 
uling message may be set to designated values of all Zeros 
for semi-persistent scheduling. The designated values may 
be used by a recipient UE to validate the scheduling message 
as being for semi-persistent scheduling for that UE (instead 
of dynamic scheduling for another UE). 

FIG. 5 shows a block diagram of a design of a processing 
unit 500 for generating and processing a scheduling message 
for semi-persistent scheduling. Within processing unit 500, 
a mapper 510 may receive a semi-persistent assignment 
comprising semi-persistent scheduling information (e.g., a 
resource block assignment, an MCS, etc.) and an ACK 
resource assignment for a UE. Mapper 510 may map the 
ACK resource assignment to at least one field of a sched 
uling message and may map the scheduling information to 
remaining fields and bits of the scheduling message. Mapper 
510 may also set unused fields and/or unused bits of the 
scheduling message to designated values (e.g., all Zeros). A 
cyclic redundancy check (CRC) generator 512 may receive 
the scheduling message from mapper 510, generate a CRC 
for the message, and append the CRC to the message. A 
scrambler 514 may receive a semi-persistent C-RNTI for a 
recipient UE, generate Scrambling bits based on the semi 
persistent C-RNTI, and Scrambles the scheduling message 
and CRC with the scrambling bits. An encoder 516 may 
encode the scrambled scheduling message and provide an 
encoded message, which may be further processed and sent 
on the PDCCH. 

FIG. 5 shows an exemplary design of a processing unit for 
generating and processing a scheduling message for semi 
persistent scheduling. The scheduling message may also be 
generated and processed in other manners. 

FIG. 6 shows a design of a process 600 for receiving data 
with semi-persistent scheduling. Process 600 may be per 
formed by a UE (as described below) or by some other 
entity. The UE may receive a semi-persistent assignment 
that may be valid for multiple transmissions of data (block 
612). The semi-persistent assignment may comprise a set of 
parameters for sending the multiple transmissions of data to 
the UE, e.g., all or some of the parameters shown in Table 
1 and/or other parameters. The semi-persistent assignment 
may also comprise an assignment of ACK resource. The UE 
may obtain the assignment of ACK resource from the 
semi-persistent assignment (block 614). The ACK resource 
may be assigned to the UE for the multiple transmissions of 
data. The UE may receive a transmission of data sent in 
accordance with the semi-persistent assignment (block 616). 
The UE may process the received transmission and deter 
mine ACK information for the transmission of data (block 
618). The transmission of data may be for one or more 
transport blocks, and the ACK information may indicate 
whether each transport block was decoded correctly or in 
error by the UE. The UE may send the ACK information 
with the ACK resource (block 620). The UE may receive 
additional transmissions of data sent in accordance with the 
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semi-persistent assignment. The UE may send ACK infor 
mation for these additional transmissions of data with the 
ACK resource. 

In one design of block 612, the UE may receive a 
scheduling message carrying the semi-persistent assign 
ment. In one design, the UE may detect for the scheduling 
message for semi-persistent scheduling based on a C-RNTI 
used for semi-persistent scheduling. In another design, the 
UE may determine that the scheduling message is for 
semi-persistent scheduling based on different Scrambling, a 
special bit, etc. The scheduling message may also be used to 
send scheduling information for a single transmission of 
data with dynamic scheduling. For dynamic scheduling, the 
ACK resource may be determined based on the resources 
(e.g., a starting CCE) used to send the scheduling message. 

In one design of block 614, the UE may obtain an index 
of the ACK resource assigned to the UE from at least one 
field of the scheduling message. The UE may determine the 
ACK resource based on the index and a set of configured 
ACK resources (e.g., configured by RRC). The at least one 
field may include a new data indicator field, a redundancy 
version field, an MCS field, a TPC command field, other 
fields, or any combination thereof. 

In one design, for LTE, the UE may receive the semi 
persistent assignment on the PDCCH and may receive the 
transmission of data on the PDSCH. The ACK resource may 
be for the PUCCH. The UE may also receive the semi 
persistent assignment and the transmission of data on other 
downlink channels and may send ACK information on other 
uplink channels. 

FIG. 7 shows a design of an apparatus 700 for receiving 
data in a wireless communication system. Apparatus 700 
includes a module 712 to receive a semi-persistent assign 
ment valid for multiple transmissions of data for a UE, a 
module 714 to obtain an assignment of ACK resource from 
the semi-persistent assignment, with the ACK resource 
being assigned to the UE for the multiple transmissions of 
data, a module 716 to receive a transmission of data sent in 
accordance with the semi-persistent assignment, a module 
718 to determine ACK information for the transmission of 
data, and a module 720 to send the ACK information with 
the ACK resource. 

FIG. 8 shows a design of a process 800 for receiving data 
with dynamic scheduling and semi-persistent scheduling. 
Process 800 may be performed by a UE (as described below) 
or by some other entity. The UE may receive a first sched 
uling message carrying scheduling information for a single 
transmission of data with dynamic scheduling (block 812). 
The UE may receive a first transmission of data sent in 
accordance with the scheduling information (block 814). 
The UE may send first ACK information for the first 
transmission of data with first ACK resource associated with 
a resource (e.g., a CCE) used to send the first scheduling 
message (block 816). The first ACK resource may be valid 
for a single transmission of ACK information. 
The UE may also receive a second scheduling message 

carrying a semi-persistent assignment for multiple transmis 
sions of data with semi-persistent scheduling (block 818). 
The UE may receive a second transmission of data sent in 
accordance with the semi-persistent assignment (block 820). 
The UE may send second ACK information for the second 
transmission of data with second ACK resource conveyed by 
the semi-persistent assignment (block 822). The UE may 
receive additional transmissions of data sent in accordance 
with the semi-persistent assignment. The UE may send ACK 
information for these additional transmissions of data with 
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10 
the second ACK resource, which may be valid for multiple 
transmissions of ACK information. 

In one design, the UE may obtain an index of the second 
ACK resource from at least one field of the second sched 
uling message. The first and second scheduling messages 
may have the same format (e.g., as shown in FIG. 4A or 4B) 
or different formats (e.g., as shown in FIGS. 4A and 4B). 
These scheduling messages may include the at least one field 
and one or more additional fields. The at least one field may 
carry an ACK resource index for semi-persistent scheduling 
and may carry Scheduling information for dynamic sched 
uling. 

In one design, the UE may detect for the first scheduling 
message based on a first C-RNTI assigned to the UE. The 
UE may detect for the second scheduling message based on 
a second C-RNTI assigned to the UE for semi-persistent 
scheduling. The UE may also determine whether a sched 
uling message is for dynamic scheduling or semi-persistent 
scheduling based on other mechanisms, e.g., different 
scrambling, a special bit in the scheduling message, etc. 

In one design, the UE may obtain a first MCS value from 
the first scheduling message and may process the first 
transmission of data in accordance with the first MCS value. 
The first MCS value may be one of a first plurality of MCS 
values applicable for dynamic scheduling. The UE may 
obtain a second MCS value from the second scheduling 
message and may process the second transmission of data in 
accordance with the second MCS value. The second MCS 
value may be one of a second plurality of MCS values 
applicable for semi-persistent scheduling. The second plu 
rality of MCS values may be fewer than the first plurality of 
MCS values, and the second MCS value may be sent with 
fewer bits than the first MCS value. 

FIG. 9 shows a design of an apparatus 900 for receiving 
data in a wireless communication system. Apparatus 900 
includes a module 912 to receive a first scheduling message 
carrying scheduling information for a single transmission of 
data, a module 914 to receive a first transmission of data sent 
in accordance with the scheduling information, a module 
916 to send first ACK information for the first transmission 
of data with first ACK resource associated with a resource 
used to send the first scheduling message, a module 918 to 
receive a second scheduling message carrying a semi 
persistent assignment for multiple transmissions of data, a 
module 920 to receive a second transmission of data sent in 
accordance with the semi-persistent assignment, and a mod 
ule 922 to send second ACK information for the second 
transmission of data with second ACK resource conveyed by 
the semi-persistent assignment. 

FIG. 10 shows a design of a process 1000 for sending data 
with semi-persistent scheduling. Process 1000 may be per 
formed by a Node B (as described below) or by some other 
entity. The Node B may assign ACK resource to a UE for 
semi-persistent scheduling (block 1012). The Node B may 
send a semi-persistent assignment comprising the ACK 
resource to the UE (block 1014). The semi-persistent assign 
ment may be valid for multiple transmissions of data. The 
ACK resource may be assigned to the UE for the multiple 
transmissions of data. The Node B may send a transmission 
of data in accordance with the semi-persistent assignment to 
the UE (block 1016). The Node B may receive ACK 
information for the transmission of data, with the ACK 
information being sent by the UE with the ACK resource 
(block 1018). The Node B may send additional transmis 
sions of data in accordance with the semi-persistent assign 
ment. The Node B may receive ACK information for these 
additional transmissions of data on the ACK resource. 
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In one design of block 1014, the Node B may map an 
index of the ACK resource assigned to the UE to at least one 
field of a scheduling message. The at least one field may 
include a new data indicator field, a redundancy version 
field, an MCS field, a TPC command field, and/or other 
fields. The Node B may map remaining information for the 
semi-persistent assignment to remaining fields and bits of 
the scheduling message. In one design, the Node B may 
process the scheduling message based on a C-RNTI used for 
semi-persistent scheduling. The Node B may also indicate 
that the scheduling message is for semi-persistent schedul 
ing based on other mechanisms. The Node B may send the 
scheduling message to the UE. The scheduling message may 
also be used to send scheduling information for dynamic 
scheduling. 

In one design, for LTE, the Node B may send the 
semi-persistent assignment on the PDCCH and may send the 
transmission of data on the PDSCH. The ACK resource may 
be for the PUCCH. The Node B may also send the semi 
persistent assignment and the transmission of data on other 
downlink channels and may receive ACK information on 
other uplink channels. 

FIG. 11 shows a design of an apparatus 1100 for sending 
data in a wireless communication system. Apparatus 1100 
includes a module 1112 to assign ACK resource to a UE, a 
module 1114 to send a semi-persistent assignment compris 
ing the ACK resource to the UE, the semi-persistent assign 
ment being valid for multiple transmissions of data, the ACK 
resource being assigned to the UE for the multiple trans 
missions of data, a module 1116 to send a transmission of 
data in accordance with the semi-persistent assignment to 
the UE, and a module 1118 to receive ACK information for 
the transmission of data, the ACK information being sent by 
the UE with the ACK resource. 

FIG. 12 shows a design of a process 1200 for sending data 
with dynamic scheduling and semi-persistent scheduling. 
Process 1200 may be performed by a Node B (as described 
below) or by some other entity. The Node B may send to a 
UE a first scheduling message carrying scheduling informa 
tion for a single transmission of data (block 1212). The Node 
B may send a first transmission of data in accordance with 
the scheduling information to the UE (block 1214). The 
Node B may receive first ACK information for the first 
transmission of data, with the first ACK information being 
sent by the UE with first ACK resource associated with a 
resource (e.g., a CCE) used to send the first scheduling 
message (block 1216). The first ACK resource may be valid 
for a single transmission of ACK information. 
The Node B may send to the UE a second scheduling 

message carrying a semi-persistent assignment for multiple 
transmissions of data (block 1218). The Node B may send a 
second transmission of data in accordance with the semi 
persistent assignment to the UE (block 1220). The Node B 
may receive second ACK information for the second trans 
mission of data, with the second ACK information being 
sent by the UE with second ACK resource conveyed by the 
semi-persistent assignment (block 1222). The Node B may 
send additional transmissions of data in accordance with the 
semi-persistent assignment. The Node B may receive ACK 
information for these additional transmissions of data on the 
second ACK resource, which may be valid for multiple 
transmissions of ACK information. 

In one design of block 1218, the Node B may map an 
index of the second ACK resource to at least one field of the 
second scheduling message. The first and second scheduling 
messages may have the same format or different formats and 
may include the at least one field and one or more additional 
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fields. The at least one field may carry an ACK resource 
index for semi-persistent scheduling and may carry Sched 
uling information for dynamic scheduling. 

In one design, the Node B may process (e.g., Scramble a 
CRC for) the first scheduling message with a first C-RNTI 
assigned to the UE. The Node B may process the second 
scheduling message with a second C-RNTI assigned to the 
UE for semi-persistent scheduling. The Node B may also 
indicate whether a scheduling message is for dynamic 
scheduling or semi-persistent scheduling based on other 
mechanisms. 

In one design, the Node B may select a first MCS value 
from a first plurality of MCS values applicable for dynamic 
scheduling. The Node B may process the first transmission 
of data in accordance with the first MCS value. The Node B 
may select a second MCS value from a second plurality of 
MCS values applicable for semi-persistent scheduling. The 
Node B may process the second transmission of data in 
accordance with the second MCS value. The second plural 
ity of MCS values may be fewer than the first plurality of 
MCS values. 

FIG. 13 shows a design of an apparatus 1300 for sending 
data in a wireless communication system. Apparatus 1300 
includes a module 1312 to send to a UE a first scheduling 
message carrying scheduling information for a single trans 
mission of data, a module 1314 to send a first transmission 
of data in accordance with the scheduling information to the 
UE, a module 1316 to receive first ACK information for the 
first transmission of data on first ACK resource associated 
with a resource used to send the first scheduling message, a 
module 1318 to send to the UE a second scheduling message 
carrying a semi-persistent assignment for multiple transmis 
sions of data, a module 1320 to send a second transmission 
of data in accordance with the semi-persistent assignment to 
the UE, and a module 1322 to receive second ACK infor 
mation for the second transmission of data on second ACK 
resource conveyed by the semi-persistent assignment. 
The modules in FIGS. 7, 9, 11 and 13 may comprise 

processors, electronics devices, hardware devices, electron 
ics components, logical circuits, memories, software codes, 
firmware codes, etc., or any combination thereof. 
The techniques described herein may allow for efficient 

assignment of ACK resources for semi-persistent schedul 
ing. For dynamic scheduling, ACK resources may be asso 
ciated with CCES carrying scheduling information and may 
be conveniently assigned to UES without incurring addi 
tional signaling overhead. This is possible when each trans 
mission of data on the PDSCH is scheduled with scheduling 
information sent on the PDCCH. For semi-persistent sched 
uling, a semi-persistent assignment may be sent once on the 
PDCCH with the first transmission of data, and no sched 
uling information may be sent for Subsequent new transmis 
sions of data. In this case, the ACK resources for the 
Subsequent new transmissions of data cannot be associated 
with the CCES carrying scheduling information and may be 
provided by the semi-persistent assignment, as described 
above. 
The techniques described herein allow for dynamic 

assignment of ACK resources for semi-persistent scheduling 
using Layer 1 signaling sent on the PUCCH, as described 
above. The techniques may be more efficient (in terms of 
overhead) than assigning ACK resources for semi-persistent 
scheduling using Layer 3 (e.g., RRC) signaling. The tech 
niques may also be more efficient (in terms of resource 
usage) than statically assigning each active UE with ACK 
resource for semi-persistent scheduling. 
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FIG. 14 shows a block diagram of a design of a Node B 
110 and a UE 120, which may be one of the Node Bs and 
one of the UEs in FIG. 1. In this design, Node B 110 is 
equipped with Tantennas 1434a through 1434t, and UE 120 
is equipped with Rantennas 1452a through 1452r, where in 
general Tel and Re1. 

At Node B 110, a transmit processor 1420 may receive 
data (e.g., transport blocks) for one or more UEs from a data 
source 1412, process the data for each UE based on one or 
more MCS values for that UE, and provide data symbols for 
all UES. Transmit processor 1420 may also process control 
information (e.g., Scheduling messages for dynamic sched 
uling and semi-persistent scheduling) from a controller/ 
processor 1440 and provide control symbols. A transmit 
(TX) multiple-input multiple-output (MIMO) processor 
1430 may multiplex the data symbols, the control symbols, 
and/or pilot symbols. TX MIMO processor 1430 may per 
form spatial processing (e.g., precoding) on the multiplexed 
symbols, if applicable, and provide T output symbol streams 
to T modulators (MODs) 1432a through 1432t. Each modu 
lator 1432 may process a respective output symbol stream 
(e.g., for OFDM) to obtain an output sample stream. Each 
modulator 1432 may further process (e.g., convert to analog, 
amplify, filter, and upconvert) the output sample stream to 
obtain a downlink signal. T downlink signals from modu 
lators 1432a through 1432t may be transmitted via T anten 
nas 1434a through 1434t, respectively. 

At UE 120, antennas 1452a through 1452r may receive 
the downlink signals from Node B 110 and provide received 
signals to demodulators (DEMODs) 1454a through 1454r, 
respectively. Each demodulator 1454 may condition (e.g., 
filter, amplify, downconvert, and digitize) a respective 
received signal to obtain input samples. Each demodulator 
1454 may further process the input samples (e.g., for 
OFDM) to obtain received symbols. AMIMO detector 1456 
may obtain received symbols from all R demodulators 
1454a through 1454r, perform MIMO detection on the 
received symbols if applicable, and provide detected sym 
bols. A receive processor 1458 may process (e.g., demodu 
late, deinterleave, and decode) the detected symbols, pro 
vide decoded data for UE 120 to a data sink 1460, and 
provide decoded control information to a controller/proces 
Sor 1480. 
On the uplink, at UE 120, data from a data source 1462 

and control information (e.g., ACK information, etc.) from 
controller/processor 1480 may be processed by a transmit 
processor 1464, precoded by a TX MIMO processor 1466 if 
applicable, conditioned by modulators 1454a through 
1454r, and transmitted to Node B 110. At Node B 110, the 
uplink signals from UE 120 may be received by antennas 
1434, conditioned by demodulators 1432, processed by a 
MIMO detector 1436 if applicable, and further processed by 
a receive processor 1438 to obtain the data and control 
information transmitted by UE 120. 

Controllers/processors 1440 and 1480 may direct the 
operation at Node B110 and UE 120, respectively. Processor 
1480 and/or other processors and modules at UE 120 may 
perform or direct process 600 in FIG. 6, process 800 in FIG. 
8, and/or other processes for the techniques described 
herein. Processor 1440 and/or other processors and modules 
at Node B 110 may perform or direct process 1000 in FIG. 
10, process 1200 in FIG. 12, and/or other processes for the 
techniques described herein. Transmit processor 1420 may 
implement processing unit 500 in FIG. 5. Memories 1442 
and 1482 may store data and program codes for Node B 110 
and UE 120, respectively. A scheduler 1444 may schedule 
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14 
UES for downlink and/or uplink transmission and may 
provide assignments of resources (e.g., ACK resources) for 
the scheduled UEs. 

Those of skill in the art would understand that information 
and signals may be represented using any of a variety of 
different technologies and techniques. For example, data, 
instructions, commands, information, signals, bits, symbols, 
and chips that may be referenced throughout the above 
description may be represented by Voltages, currents, elec 
tromagnetic waves, magnetic fields or particles, optical 
fields or particles, or any combination thereof. 

Those of skill would further appreciate that the various 
illustrative logical blocks, modules, circuits, and algorithm 
steps described in connection with the disclosure herein may 
be implemented as electronic hardware, computer software, 
or combinations of both. To clearly illustrate this inter 
changeability of hardware and software, various illustrative 
components, blocks, modules, circuits, and steps have been 
described above generally in terms of their functionality. 
Whether such functionality is implemented as hardware or 
Software depends upon the particular application and design 
constraints imposed on the overall system. Skilled artisans 
may implement the described functionality in varying ways 
for each particular application, but such implementation 
decisions should not be interpreted as causing a departure 
from the scope of the present disclosure. 
The various illustrative logical blocks, modules, and 

circuits described in connection with the disclosure herein 
may be implemented or performed with a general-purpose 
processor, a digital signal processor (DSP), an application 
specific integrated circuit (ASIC), a field programmable gate 
array (FPGA) or other programmable logic device, discrete 
gate or transistor logic, discrete hardware components, or 
any combination thereof designed to perform the functions 
described herein. A general-purpose processor may be a 
microprocessor, but in the alternative, the processor may be 
any conventional processor, controller, microcontroller, or 
state machine. A processor may also be implemented as a 
combination of computing devices, e.g., a combination of a 
DSP and a microprocessor, a plurality of microprocessors, 
one or more microprocessors in conjunction with a DSP 
core, or any other Such configuration. 
The steps of a method or algorithm described in connec 

tion with the disclosure herein may be embodied directly in 
hardware, in a software module executed by a processor, or 
in a combination of the two. A software module may reside 
in RAM memory, flash memory, ROM memory, EPROM 
memory, EEPROM memory, registers, hard disk, a remov 
able disk, a CD-ROM, or any other form of storage medium 
known in the art. An exemplary storage medium is coupled 
to the processor Such that the processor can read information 
from, and write information to, the storage medium. In the 
alternative, the storage medium may be integral to the 
processor. The processor and the storage medium may reside 
in an ASIC. The ASIC may reside in a user terminal. In the 
alternative, the processor and the storage medium may 
reside as discrete components in a user terminal. 

In one or more exemplary designs, the functions 
described may be implemented in hardware, software, firm 
ware, or any combination thereof. If implemented in soft 
ware, the functions may be stored on or transmitted over as 
one or more instructions or code on a computer-readable 
medium. Computer-readable media includes both computer 
storage media and communication media including any 
medium that facilitates transfer of a computer program from 
one place to another. A storage media may be any available 
media that can be accessed by a general purpose or special 
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purpose computer. By way of example, and not limitation, 
such computer-readable media can comprise RAM, ROM, 
EEPROM, CD-ROM or other optical disk storage, magnetic 
disk storage or other magnetic storage devices, or any other 
medium that can be used to carry or store desired program 
code means in the form of instructions or data structures and 
that can be accessed by a general-purpose or special-purpose 
computer, or a general-purpose or special-purpose proces 
sor. Also, any connection is properly termed a computer 
readable medium. For example, if the software is transmitted 
from a website, server, or other remote source using a 
coaxial cable, fiber optic cable, twisted pair, digital Sub 
scriber line (DSL), or wireless technologies such as infrared, 
radio, and microwave, then the coaxial cable, fiber optic 
cable, twisted pair, DSL, or wireless technologies such as 
infrared, radio, and microwave are included in the definition 
of medium. Disk and disc, as used herein, includes compact 
disc (CD), laser disc, optical disc, digital versatile disc 
(DVD), floppy disk and blu-ray disc where disks usually 
reproduce data magnetically, while discs reproduce data 
optically with lasers. Combinations of the above should also 
be included within the scope of computer-readable media. 

The previous description of the disclosure is provided to 
enable any person skilled in the art to make or use the 
disclosure. Various modifications to the disclosure will be 
readily apparent to those skilled in the art, and the generic 
principles defined herein may be applied to other variations 
without departing from the spirit or scope of the disclosure. 
Thus, the disclosure is not intended to be limited to the 
examples and designs described herein but is to be accorded 
the widest scope consistent with the principles and novel 
features disclosed herein. 

What is claimed is: 
1. A method for wireless communication at a user equip 

ment (UE), comprising: 
receiving a scheduling message according to a message 

format that is associated with both semi-persistent 
assignments that are valid for multiple transmissions of 
data and dynamic assignments that are valid for single 
transmissions of data, wherein the message format 
comprises a new data indicator field that, 
for the dynamic assignments, carries information used 

in processing transmissions associated with the 
dynamic assignments, and 

for the semi-persistent assignments, is set to a desig 
nated value for validation of the semi-persistent 
assignments; 

validating that the received scheduling message com 
prises a semi-persistent assignment based at least in 
part on a comparison of the new data indicator field to 
the designated value; 

obtaining an assignment of a first acknowledgement 
(ACK) resource from a transmit power control (TPC) 
field of the scheduling message for the semi-persistent 
assignment; 

receiving the multiple transmissions of data sent in accor 
dance with the semi-persistent assignment; 

determining first ACK information for a first transmission 
of data of the multiple transmissions of data; and 

sending the first ACK information on the first ACK 
SOUC. 

2. The method of claim 1, wherein the message format 
further comprises one or more of a hybrid automatic repeat 
request (HARQ) field, a redundancy version field, a resource 
block assignment field, or a modulation and coding scheme 
(MCS) field. 
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3. The method of claim 1, further comprising: 
detecting the scheduling message based on a semi-per 

sistent scheduling cell radio network temporary iden 
tifier assigned to the UE that is different from a cell 
radio network temporary identifier assigned to the UE 
for detection of the dynamic assignments. 

4. The method of claim 1, further comprising: 
receiving a dynamic assignment for a retransmission of 

the first transmission of data in a second scheduling 
message in response to indicating that the first trans 
mission of data was decoded in error in the first ACK 
information; and 

receiving the retransmission of the first transmission of 
data according to the dynamic assignment. 

5. The method of claim 4, further comprising: 
obtaining a second assignment of a second ACK resource 

based on a resource used to send the second scheduling 
message; and 

determining second ACK information for the retransmis 
sion of the first transmission of data; and 

sending the second ACK information on the second ACK 
SOUC. 

6. The method of claim 1, wherein the scheduling mes 
sage comprising the semi-persistent assignment is received 
on a physical downlink control channel (PDCCH) and the 
multiple transmissions of data are received on a physical 
downlink shared channel (PDSCH). 

7. The method of claim 1, further comprising: 
receiving a semi-persistent scheduling interval for the 

multiple transmissions of data via upper layer signal 
ing. 

8. The method of claim 1, wherein the designated value 
comprises all zeros. 

9. The method of claim 2, wherein one or more of the 
HARO field, the redundancy version field, the resource 
block assignment field, the MCS field, or the TPC command 
field are set to designated values for the validation of the 
semi-persistent assignments. 

10. A method for wireless communication, comprising: 
mapping, according to a message format that is associated 

with both semi-persistent assignments that are valid for 
multiple transmissions of data and dynamic assign 
ments that are valid for single transmissions of data, 
Scheduling information for a semi-persistent assign 
ment to a scheduling message intended for a user 
equipment (UE), wherein the message format com 
prises a new data indicator field that, 
for the dynamic assignments, carries information used 

in processing transmissions associated with the 
dynamic assignments, and 

for the semi-persistent assignments, is set to a desig 
nated value for validation of the semi-persistent 
assignments; 

mapping the new data indicator field to a designated 
value, wherein the designated value indicates that the 
Scheduling message comprises a semi-persistent 
assignment; 

mapping an assignment of a first acknowledgement 
(ACK) resource to a transmit power control (TPC) 
command field of the scheduling message for the 
semi-persistent assignment; 

sending the scheduling message to the UE: 
sending the multiple transmissions of data to the UE 

according to the semi-persistent assignment; and 
receiving first ACK information on the first ACK 

SOUC. 

11. The method of claim 10, wherein the message format 
further comprises one or more of a hybrid automatic repeat 
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request (HARQ) field, a redundancy version field, a resource 
block assignment field, or a modulation and coding scheme 
(MCS) field. 

12. The method of claim 10, further comprising: 
Scrambling the scheduling message using a semi-persis 

tent scheduling cell radio network temporary identifier 
assigned to the UE that is different from a cell radio 
network temporary identifier assigned to the UE for 
detection of the dynamic assignments. 

13. The method of claim 12, wherein the scrambling the 
scheduling message using the semi-persistent scheduling 
cell radio network temporary identifier assigned to the UE 
comprises Scrambling a cyclic redundancy check (CRC) 
associated with the scheduling message with the semi 
persistent scheduling cell radio network temporary identifier 
assigned to the UE. 

14. The method of claim 12, wherein the 
first ACK information indicates that a first transmission of 

data of the multiple transmissions of data was decoded 
in error, the method further comprising: 

sending a dynamic assignment for a retransmission of the 
first transmission of data in a second scheduling mes 
Sage to the UE; and 

sending the retransmission to the UE according to the 
dynamic assignment. 

15. The method of claim 14, further comprising: 
receiving second ACK information associated with the 

retransmission on a second ACK resource determined 
based on a resource used to send the second scheduling 
message. 

16. The method of claim 10, wherein the scheduling 
message comprising the semi-persistent assignment is sent 
on a physical downlink control channel (PDCCH) and the 
multiple transmissions of data are sent on a physical down 
link shared channel (PDSCH). 

17. The method of claim 10, further comprising: 
sending a semi-persistent scheduling interval for the mul 

tiple transmissions of data to the UE via upper layer 
signaling. 

18. The method of claim 10, wherein the designated value 
comprises all Zeros. 

19. The method of claim 11, wherein one or more of the 
HARO field, the redundancy version field, the resource 
block assignment field, the MCS field, or the TPC command 
field are set to designated values for the validation of the 
semi-persistent assignments. 

20. An apparatus for wireless communication at a user 
equipment (UE), comprising: 

at least one processor; 
a memory coupled to the at least one processor, the 
memory comprising instructions that, when executed 
by the at least one processor, cause the at least one 
processor to: 

receive a scheduling message according to a message 
format that is associated with both semi-persistent 
assignments that are valid for multiple transmissions of 
data and dynamic assignments that are valid for single 
transmissions of data, wherein the message format 
comprises a new data indicator field that, 
for the dynamic assignments, carries information used 

in processing transmission associated with the 
dynamic assignments, and 

for the semi-persistent assignments, is set to a desig 
nated value for validation of the semi-persistent 
assignments; 
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18 
validate that the received scheduling message comprises 

a semi-persistent assignment based at least in part on a 
comparison of the new data indicator field to the 
designated value; 

obtain an assignment of a first acknowledgement (ACK) 
resource from a transmit power control (TPC) com 
mand field of the scheduling message for the semi 
persistent assignment; 

determine first ACK information for a first transmission of 
data of the multiple transmissions of data; 

receive the multiple transmissions of data sent in accor 
dance with the semi-persistent assignment; and 

send the first ACK information on the first ACK resource. 
21. The apparatus of claim 20, wherein the message 

format further comprises one or more of: a hybrid automatic 
repeat request (HARQ) field, a redundancy version field, a 
resource block assignment field, or a modulation and coding 
scheme (MCS) field. 

22. The apparatus of claim 20, wherein the at least one 
processor is further configured to: 

detect the scheduling message based on a semi-persistent 
scheduling cell radio network temporary identifier 
assigned to the UE that is different from a cell radio 
network temporary identifier assigned to the UE for 
detection of the dynamic assignments. 

23. The apparatus of claim 20, wherein the at least one 
processor is further configured to: 

receive a dynamic assignment for a retransmission of the 
first transmission of data in a second scheduling mes 
Sage in response to indicating that the first transmission 
of data was decoded in error in the first ACK informa 
tion; and 

receive the retransmission of the first transmission of data 
according to the dynamic assignment. 

24. The apparatus of claim 23, wherein the at least one 
processor is further configured to: 

obtain a second assignment of a second ACK resource 
based on a resource used to send the second scheduling 
message; and 

determine second ACK information for the retransmission 
of the first transmission of data; and 

send the second ACK information on the second ACK 
SOUC. 

25. The apparatus of claim 21, wherein one or more of the 
HARO field, the redundancy version field, the resource 
block assignment field, the MCS field, or the TPC command 
field are set to designated values for the validation of the 
semi-persistent assignments. 

26. An apparatus for wireless communication, compris 
ing: 

at least one processor; 
a memory coupled to the at least one processor, the 
memory comprising instructions that, when executed 
by the at least one processor, cause the at least one 
processor to: 

map, according to a message format that is associated 
with both semi-persistent assignments that are valid for 
multiple transmissions of data and dynamic assign 
ments that are valid for single transmissions of data, 
Scheduling information for a semi-persistent assign 
ment to a scheduling message intended for a user 
equipment (UE), wherein the message format com 
prises a new data indicator field that, 
for the dynamic assignments, carries information used 

in processing transmissions associated with the 
dynamic assignments, and 
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for the semi-persistent assignments, is set to a desig 
nated value for validation of the semi-persistent 
assignments; 

map the new data indicator field to a designated value, 
wherein the designated value indicates that the sched 
uling message comprises a semi-persistent assignment; 

map an assignment of a first acknowledgement (ACK) 
resource using a transmit power control (TPC) com 
mand field of the scheduling message for the semi 
persistent assignment; 

send the scheduling message to the UE; and 
send the multiple transmissions of data to the UE accord 

ing to the semi-persistent assignment; and 
receive first ACK information on the first ACK resource. 
27. The apparatus of claim 26, wherein the message 

format further comprises one or more of: a hybrid automatic 
repeat request (HARQ) field, a redundancy version field, a 
resource block assignment field, or a modulation and coding 
scheme (MCS) field. 

28. The apparatus of claim 26, wherein the at least one 
processor is further configured to: 

Scramble the scheduling message using a semi-persistent 
scheduling cell radio network temporary identifier 
assigned to the UE that is different from a cell radio 
network temporary identifier assigned to the UE for 
detection of the dynamic assignments. 

29. The apparatus of claim 26, wherein the at least one 
processor is further configured to scramble a cyclic redun 
dancy check (CRC) associated with the scheduling message 
with a semi-persistent scheduling cell radio network tem 
porary identifier assigned to the UE for semi-persistent 
Scheduling. 

30. The apparatus of claim 26, wherein the 
first ACK information indicates that a first transmission of 

data of the multiple transmissions of data was decoded 
in error, and wherein the processor is further configured 
tO: 

send a dynamic assignment for a retransmission of the 
first transmission of data in a second scheduling mes 
Sage to the UE; and 

send the retransmission to the UE according to the 
dynamic assignment. 

31. The apparatus of claim 30, wherein the at least one 
processor is further configured to: 

receive second ACK information associated with the 
retransmission on a second ACK resource determined 
based on a resource used to send the second scheduling 
message. 

32. The apparatus of claim 27, wherein one or more of the 
HARO field, the redundancy version field, the resource 
block assignment field, the MCS field, or the TPC command 
field are set to designated values for the validation of the 
semi-persistent assignments. 

33. A non-transitory computer-readable medium for wire 
less communication at a user equipment (UE), comprising 
code that, when executed by at least one computer, causes 
the at least one computer to: 
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receive a scheduling message according to a message 

format that is associated with both semi-persistent 
assignments that are valid for multiple transmissions of 
data and dynamic assignments that are valid for single 
transmissions of data, wherein the message format 
comprises a new data indicator field that, 
for the dynamic assignments, carries information used 

in processing transmissions associated with the 
dynamic assignments, and 

for the semi-persistent assignments, is set to a designated 
value for validation of the semi-persistent assignments; 

validate that the received scheduling message comprises 
a semi-persistent assignment based at least in part on a 
comparison of the new data indicator field to the 
designated value; 

obtain an assignment of a first acknowledgement (ACK) 
resource from a transmit power control (TPC) com 
mand field of the scheduling message for the semi 
persistent assignment; 

receive the multiple transmissions of data sent in accor 
dance with the semi-persistent assignment; 

determine first ACK information for a first transmission of 
data of the multiple transmissions of data; and 

send the first ACK information on the first ACK resource. 

34. A non-transitory computer-readable medium for wire 
less communication comprising code that, when executed by 
at least one computer, causes the at least one computer to: 

map, according to a message format that is associated 
with both semi-persistent assignments that are valid for 
multiple transmissions of data and dynamic assign 
ments that are valid for single transmissions of data, 
Scheduling information for a semi-persistent assign 
ment to a scheduling message intended for a user 
equipment (UE), wherein the message format com 
prises a new data indicator field that, 
for the dynamic assignments, carries information used 

in processing transmissions associated with the 
dynamic assignments, and 

for the semi-persistent assignments, is set to a desig 
nated value for validation of the semi-persistent 
assignments; 

map the new data indicator field to a designated value, 
wherein the designated value indicates that the sched 
uling message comprises a semi-persistent assignment; 

map an assignment of a first acknowledgement (ACK) 
resource using a transmit power control (TPC) com 
mand field of the scheduling message for the semi 
persistent assignment; 

send the scheduling message to the UE: 
send the multiple transmissions of data to the UE accord 

ing to the semi-persistent assignment; and 
receive first ACK information on the first ACK resource. 
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